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) Recombinant adenovirus vaccines. 

) This invention provides a method of producing antibodies or cell mediated immunity to an Infectious 
organism in a warm blooded mammal which comprises administering to said warm blooded mammal 
intranasaliy, intramuscularly, or subcutaneously, live recombinant adenoviruses in which the virion 
structural protein is unchanged from that in the native adenovirus from which the recombinant 
adenovirus is produced, and which contain the gene coding for the antigen corresponding to said 
antibodies or inducing said ceil mediated immunity. 
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BACKGROUND OF THE INVENTION 

A major goal of biomedical research Is to provide protection against viral disease through Immunization. 
One approach has been to use killed vaccines. However, large quantities of material are required for killed vac- 

5 cine in order to retain sufficient antigenic mass. In addition, killed vaccines are often contaminated with unde- 
sirable products during their preparation. Heterologous live vaccines, using appropriately engineered adeno- 
virus, which is itself a vaccine, seems like an excellent immunogen [Chanock R., JAMA, 195, 151 (1867)]. Our 
invention concerns vaccines using adenovirus as a vector. 

Presently marketed adenovaccine comprises live, infectious adenoviruses in an enteric-coated dosage 

10 form. Upon administration to the patient to be vaccinated, the virus Is carried past the upper-respiratory system 
(where disease-producing infection is thought to occur), and is released in the intestine. In the intestine, the 
virus reproduces in the gut wall, where, although it is not capable of causing adenoviral disease, nevertheless 
induces the formation of adenovirus antibodies, thus conferring immunity to adenoviral disease. In our inven- 
tion, five, infectious adenovirus which has been engineered to contain genes coding for antigens produced by 

15 other disease-causing organisms. Upon release the virus will reproduce and separately express both the ade- 
noviral antigen and the pathogen-antigen, thereby Inducing the formation of antibodies or induce cell mediated 
immunity to both adenovirus and the other disease-causing organism. By live virus" is meant, In contradis- 
tinction to "killed" virus, a virus which is, either by Itself or In conjunction with additional genetic material, ca- 
pable of producing identical progeny. By "infectious 0 is meant having the capability to deliver the viral genome 

20 into cells. 

Roy, in European Patent Publication 80,606 (1983), proposed a method for producing immunity to micro- 
bial diseases by the administration of a microbe containing a foreign gene which will express an antigen of a 
second microbe to which Immunity is conferred. He states that preferred oral preparations are enteric coated. 
Dubelcco proposed recombinant adenovirus vaccines in which the surface protein of adenovirus is modified 

25 to contain in its structure 8 segment of foreign protein which will produce a desired biological response on ad- 
ministration to animals. [PCT International Publication WO 83/02393 (1983)]. Davis discloses oral vaccines 
derived from recombinant adenoviruses. [UK Patent OB 2166349 BJ. 

Human immunodeficiency virus type 1 (HIV-1) has been etlologlcally associated with acquired immuno- 
deficiency syndrome (AIDS) and related disorders. [Barre-Sinoussi, F., Science 220: 868 (1983); Gallo, R., Sci- 

30 ence 224: 500 (1984); Popovic M., Science 224: 497 (1984); Sarngadharan, M., Science 224: 506 (1984)]. 
AIDS is now a worldwide epidemic for which, currently, there is no vaccine or cure. Most of the effort for vaccina 
development has focused on the envelope (env) glycoprotein as an antigen which might provide protective im- 
munity. Antisera prepared against purified gp 120 can neutralize HIV-1 in vitro . [Crowl, R., Cell 41 : 979 (1 985); 
Putney, S., Science 234: 1392 (1988); Ho, D., J. Virol. 61: 2024 (1987); Nara. P., Proa Natl. Acad. Sci. USA 

as 84: 3797 (1987)]. HIV-1 envelope antigen has been produced in different expression systems including Es- 
cherichia coll [Crowl. R. f Cell 41: 979 (1985); Chang, T., Bio/Technology 3: 805 (1985); Dawson, G., J, Infect 
Die. 157: 149 (1988)] as well as mammalian [Chakrabartl, S., Nature 320: 535 (1986); Dewar, R., J. Virol. 63: 
129 (1 989); Rekosh, D. ? Proc. Natl. Acad. Sci. USA 85: 334 (1988); Whealy, M., J. Virol. 62: 41 85 (1988)] yeast 
[Barr, P., vaccine 5: 90 (1987)] and insect cells [Hu, S M Nature 328: 721 (1978); Rusche, J., Proc. Natl. Acad. 

40 Sci. USA 84: 6294 (1987)]. 

Live recombinant vaccinia virus expressing the entire HIV-1 env glycoprotein [Hu t S. f J. Virol. 61: 3617 

(1987) ] or purified recombinant gp 120 env glycoprotein [Berman, P., Proc. Natl. Acad. Sci. USA 85: 5200 

(1988) ] were evaluated in chimpanzees as vaccine candidates. Active immunization with these vaccines In- 
duced a good cell-mediated immune response as well as cytotoxic T-cell activity to the env antigen [Zarllng, 

45 J., J. Immunol. 139: 988 (1987)]. All experi mental animals seroconverted as assayed by EUSA and Western 
blotting. However, immunized chimpanzees developed no or only low titers of neutralizing antibody to HIV-1. 
Challenge with live virus failed to protect chimpanzees against these vaccines. Type-specific HIV-1 neutral- 
izing antibodies were found in chimpanzees early In infection against a variable domain (V3) within the C-ter- 
minue half of gp 120 [Goudsmit, J., Proc Natl. Acad. Sci. USA 85: 4478 (1988)]. The recombinant gp 120 made 

50 in Insect cells has also been shown to Induce humoral Immune response in goat (Rusche J„ Proc Natl. Acad. 
Sci. USA 84: 6294 (1987)]. Zagury [Nature 332: 728 (1 988)] have demonstrated both anamnestic humoral and 
cellular Immune reaction in humans using a vaccine virus recombinant expressing gp 160. [Chakrabartl, S., 
Nature 320; 535 (1986); Hahn, B., Proc Natl. Acad. Sci. USA 82: 4813 (1985)]. Both group-specific cell- 
mediated immunity and cell-mediated cytotoxicity against infected T4 cells were also found. These results in- 

55 dicate that an immune state against HIV-1 can be obtained in humans using recombinant env-based vaccine. 
Recently, Desroslers has shown that vaccination with Inactivated whole simian immunodeficiency virus (SIV) 
can protect macaques against challenge with live SIV. [Proc Natl. Acad. Sci. USA 86: 6353 (1989)]. These 
data provide hope that vaccine protection against human AIDS virus, HIV-1, infection may be possible. 
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Chanda discloses high level expression of the envelope glycoproteins of HiV-1 in the presence of rev gene 
using helper-independent adenovirus type 7 recombinants. [Virology 175: 535 (1990)]. Vernon discloses the 
ult restructure! characterization of HIV-1 gag subunit in a recombinant adenovirus vector system. [J. Gen. Vir- 
ology 72: 1243 (1991)]. Vernon also discloses the preparation of the HIV-1 recombinant adenoviruses Ad7- 
5 rev-gag and Ad4-rev-gag. 

SUMMARY OF THE INVENTION 

This invention provides a method of producing antibodies or cell mediated immunity to an infectious or- 
10 ganism in a warm blooded mammal which comprises administering to said warm blooded mammal intranasal^ 
Intramuscularly, or subcutaneously, live recombinant adenoviruses in which the virion structural protein is un- 
changed from that In the native adenovirus from which the recombinant adenovirus Is produced, and which 
contain the gene coding for the antigen corresponding to said antibodies or inducing said cell mediated im- 
munity. 

is In its preferred embodiments, this invention provides a method of producing antibodies to human immu- 
nodeficiency virus (HIV-1 ), hepatitis B, hepatitis C, human papilloma virus, respiratory syncytial virus, rota- 
virus, or parainfluenza virus In a warm blooded mammal which comprises administering to said warm blooded 
mammal Intranasally, intramuscularly, or subcutaneously, live recombinant adenoviruses in which the virion 
structural protein is unchanged from that in the native adenovirus from which the recombinant adenovirus is 

20 produced and which contain the gene coding for, respectively, human Immunodeficiency virus, hepatitis B, hep- 
atitis C, human papilloma virus, respiratory syncytial virus, rotavirus, or parainfluenza virus. 

This invention also provides composition for producing antibodies or cell mediated immunity to an infec- 
tious organism in a warm blooded mammal, comprising live recombinant adenoviruses in which the virion struc- 
tural protein is unchanged from that in the native adenovirus from which the recombinant adenovirus is pro- 

25 duced, and which contain the gene coding for the antigen corresponding to said antibodies or inducing said 
cell mediated immunity, said composition being formulated In an intranasal, intramuscular, or subcutaneous 
dosage form. 

Although this specification specifically refers to adenovirus of types 4, 5, or 7, live, infectious adenovirus 
of any type may be employed in this invention. Additionally, while the specification specifically refers to ade- 

30 noviruses having an early region 3 (E3) deletion, adenoviruses which are attenuated, contain a temperature 
sensitive lesion, or a E1 deletion may also be used as a vector Similarly, although specific reference has been 
made to vaccines producing antibodies to HIV, hepatitis B, hepatitis C, human papilloma virus, respiratory syn- 
cytial virus, rotavirus, or parainfluenza virus, our invention provides vaccines against any infectious agent con- 
taining an antigen to which a warm-blooded animal will produce antibodies or cell mediated immunity, and 

35 which antigen is coded for by a gene composed of up to about 3000 base pairs. Thus, for example, included 
within the scope of the invention are immunization against such diseases as influenza, hepatitis A, cholera, 
E. cdi. pertussis, diphtheria, tetanus, shigellosis, gonorrhea, mycoplasma pneumonia, and the like. 

In a preferred embodiment, the method of treatment includes administering the recombinant adenovirus 
both prophyiacticaily to an HIV-1 susceptible mammal and as immunotherapy following detection of HIV in said 

40 mammal. Regimens containing the following recombinant adenoviruses were used to produce the anti-HIV re- 
sponses. These viruses were deposited under the terms of the Budapest Treaty with the American Type Culture 
Collection (ATCC) of 12301 ParWawn Drive, Rockville Maryland, 20852, USA, and were granted the accession 
numbers contained in the table below. 

45 



50 



55 



3 



EP0 638 316 A1 





Virus Name 


Descriptive Name 


ATCC Name 




Ad7-env 


Ad7-tplenv-tplHrev 


VR-2299 


5 


Ad7-qaa 


Ad7- tplgag- tpl Hrev 


VR-2393 




Ad7-gag-1 


Ad7-rev-gag 


VR-2392 




Ad4-env 


Ad4-tplenv-tplHrev 


VR-2293 


10 


Ad4-gag 


Ad4-tplgag-tplHrev 


VR-2391 




Ad4-gag-1 


Ad4-rav-gag 


VR-2390 




Ad5-env 


Ad5-tplenv-tplHrev 


VR-2297 


15 


Ad5-gag 


Ad5-tplgag-tplHrev 


VR-2298 




Ad7-env MN 


Ad7-tplenv M M-tplHrev 


VR- 




Ad4-envMN 


Ad^tplenvMN-tplHrev 


VR- 


20 


Ad5-envM>j 


Ad 5-tplenv MN -tplHrev 


VR- 



Referring to the above table Ad4, Ad5, and Ad7 refer to human adenoviruses types 4, 5, and 7 respectively 
in which the E3 region has been deleted. Env refers to the HIV envelope glycoprotein (gp 160) gene. Gag refers 
to the HIV gag/pro gene. Rev refers to the HIV regulatory gene. Hrev refers to an altered version of the rev 

25 gene where the nucleotide sequences were changed without changing the amino acid sequence employing 
codons that were frequently used in human genes. Tpl refers to the upstream adenovirus tripartite leader se- 
quence with an intervening sequence between the first and second leaders that are positioned in front of the 
recombinant genes. The constructs designated Ad7-env, Ad7-gag, Ad7-gag-1, Ad4-env t Ad4-gag, Ad4-gag- 
1 , Ad5-env, and Ad5-gag contain either the gag or the env gene from the LAV strain of HIV and the constructs 

so Ad7-env MNl Ac^-envM* and AdS-env^ contain the env gene from the MN strain of HIV. The recombinant ade- 
noviruses made from the LAV and MN strains of HIV-1 are illustrative of recombinant adenoviruses covered 
by this invention. Tills Invention also covers recombinant adenoviruses which include the env and/or gag genes 
from other strains of HIV-1 . 

Both the Ad-env and Ad-env^ adenoviruses were shown to replicate in human A549 cells and expressed 

35 recombinant env antigen in vitro demonstrating their capability of generating cell mediated, humoral, and se- 
cretory immunity in a mammal. 

As described in detail below, intranasal administration of Ad- HIV recombinant viruses to naive chimpan- 
zees resulted In both priming and boosting of both humoral and cell-mediated immune responses directed at 
HIV recombinant antigens. The recombinant adenoviruses administered to chimpanzees were shown to pro- 

40 duce antibodies to the env and gag proteins of HIV. IgG antibodies specific for HIV were observed in nasal, 
saliva, and vaginal secretions following administration of the recombinant adenoviruses and igA antibodies 
specific for HIV were observed in nasal and saliva secretions. The first set of recombinant viruses (Ad7) ap- 
peared to be shed the longest period of time and induce the best anti-Ad antibody response. The results also 
showed that administration of Ad-HIV vaccines by the intranasal route was superior to administration of enteric- 

45 coated recombinant viruses by the oral route. 

Optimum immune responses directed at HIV antigens required primary infection one booster Immunization 
with a heterotypic recombinant Ad-HIV to elicit strong anti-HlV binding antibodies. Intranasal administration 
of the Ad-HIV viruses effectively primed chimpanzees to respond with high tttered neutralizing antibodies to 
HIV-1 following subsequent HIV-1 subunit protein booster immunization. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the inhibition of gp120 binding to CD4 by sera induced in dogs by recombinant Ad-HIV 
vaccines. 

55 
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DETAILED DESCRIPTION OF THE INVENTION 

Preparation of Representative Recombinant Adenoviruses 

5 The following Examples show the construction of representative recombinant adenoviruses of this inven- 

tion. The recombinant viruses were propagated on A549 cells and subsequently titered on A549 cells. 

Example 1.Ad7-gag-1 

10 The construction of recombinant adenoviruses containing the gene for the HIV envelope protein has been 
described [Chanda, P., Virology 175: 535 (1990)J; a similar procedure was used to Incorporate gag and pro 
[see Vernon, S., J. Gen. Virology 72: 1243 (1991)]. Briefly, a DNA fragment containing the entire gag and pro 
coding regions (bp 335 to 2165) of HIV-1 strain LAV [Waln-Hobson, S., Cell 40: 9, (1985)] was constructed 
with a unique Sa/I site in front of the AUG codon of the gag gene and an Xbal site at bp 2165, for the insertion 

15 of the viral rev-responsive element (rre; bp 7178 to 7698). A 2.37 kb Sal fragment containing the three HIV-1 
sequences was inserted at a Sal site in an expression cassettB containing the adenovirus type 7 (Ad7) major 
iate promoter (MLP), the tripartite leader (TPL) with an Intervening sequence between the first and second 
leaders, and the hexon polyadenylatlon site (poly A) as described in Chanda [Virology 175: 535 (1990)]. The 
cassette was inserted 159 bp from the right end of an Ad7 genome [Sussenbach, The Adenoviruses, Ginsberg, 

20 ed. f Plenum Press, pp. 34-124 (1984)] containing the HIV-1 rev gene [Feinberg, M., Cell 46: 807 (1986); So- 
droski, J M Nature 321: 412 (1986)] in a deleted [79.5 to 88.4 map units (m.u.)] E3 region [Chanda, P., Virology 
175:535(1990)]. 

Example 2.Ad4-gag»1 

25 

Following the procedure for the construction of the Ad7«gag-1 recombinant adenovirus in Example 1, a 
similar expression cassette containing analogous Ad4 sequences and the three HIV coding regions were in- 
serted at a site 139 bp from the right end of an Ad4 genome which contained HIV-1 rev In an E3 deletion be- 
tween 76 and 86 m.u. 

30 

Example 3.Ad5-env 

Ad5-tplenv-tpiHrev contains the entire coding sequence of HIV-1 (LAV strain) gp160 and a modified ver- 
sion of the rev gene, called Hrev. Both the env as well as rev gene are preceded by a synthetic copy of the 

36 Ad5 tripartite leader (Ad5-tpl). Ad5-tpl was chemically synthesized and was cloned in pTZ vector. Then the 
gp160 DNAsequence was Inserted behind the Ad5-tpl to create Ad5-tplenv/PTZ1 8R done. The Hrev (-360bp) 
was also chemically synthesized where the nucleotide sequences were changed without changing the amino 
acid sequence with the help of the codon usage. This was done to avoid homologous recombination as some 
identical sequences exist between env and rev. In an analogous way like Ad5-tplenv construct, Hrev gene was 

40 also inserted behind tpl In pTZ1 8R vector to create the plasmid, Ad5-tpIHrev. The entire sequence containing 
Ad5-tplHrev was excised out and then Inserted behind Ad5-tpienv to create the plasmid. Ad5-tplenv-tplHrev. 
This plasmid was then Inserted In the deleted E3 region of Ad5 Marietta strain (78.8-85.7 mu deletion) at 78.8 
mu. This plasmid was linearized with Bgtl enzyme and then mixed with 0-87 mu SnaB1 fragment that was de- 
rived from the wild-type purified Ad5 virus. After A549 ceils were transfected with the DNA mixtures, recom- 

45 binant virus plaques were picked, plaque purified three times, and their genomic structures were confirmed 
by restriction endonuclease site analysis of DNA extracted from infected ceils by the method of Hirt [J. Mol 
Bio. 26: 365 (1967)]. 

Example 4 .Ad5-flag 

50 

AdS-tplgag-tplHrev contains the entire gag and pro region as well as the modified rev gene, Hrev. A copy 
of the Ad5 synthetic tripartite leader was placed in front of the gag and Hrev genes. A DNA fragment containing 
the entire gag and pro regions (bp 335 to 21 65 of LAV strain of HIV-1) was constructed with a unique Sail site 
in front of AUG codon of the gag gene and an xba site at bp 2165, for the insertion of the viral rev-responsive 
«s element (rre; bp 71 78-7698). Two separate plasmids Ad5-tplgag as well as Ad5-tplHrev were constructed in a 
similar way as described for Ad5-tplenv-tplHrev. Then the Ad5-tplHrev fragment was inserted behind Ad5- 
tplgag to create the plasmid Ad5-tpigag-tpiHrev. Then the fragment Ad5-tplgag-tplHrev was Inserted at the 
unique Xbal site at map position 78.8 of the Ad5 Marietta strain with an E3 deletion (78.8-85.7 mu E3 deletion). 
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Then the final piasmid containing the Ad5 sequence was linearized and then mixed with the 0-67 mu SnaB1 
viral fragment for transfectlon. Recombinant plaques were picked up, plaque purified three times, and were 
checked by Hirt analysis of DNA extracted from the infected calls. 

5 Example 5. Enteric Coated Capsules 

Recombinant adenoviruses were grown In A549 cells and harvested following 3 cycles of freeze-thawing. 
Clarified Infected celt lysates were lyphollzed and 60 to 100 mg were packed into #2 gelatin capsules using a 
1 ml syringe plunger under dehumidified conditions. The capsules were coated with a 10% cellulose acetate 
10 phthaiate In acetone/100% Ethanol (1:1) by manually dipping each end 6 times with air drying between dips. 
A coating between 69 to 77 mg of cellulose acetate phthaiate was formed under these conditions. Sample cap- 
sules were tested for resistance to simulated gastric fluid (0.32% pepsin, 0.2% NaCI pH 1.2) at 37 C using a 
VanKel Disintegration Testor apparatus for 1 nr. The capsules were inspected for holes or cracks and trans- 
ferred to a 15 ml tube containing 10 rrd of simulated intestinal fluid (1.0% pancreatin, 0.05 M monobasic po- 
ts tassium phosphate pH 7.5) and rotated at 37° C. All capsules tested were resistant to simulated gastric fluid 
for 1 hr at 37 C with agitation and began to dissolve within 15 mln. in simulated intestinal fluid. The amount of 
virus was titrated on confluent A549 cell monolayers by a plaque assay and the viral DNA stability confirmed 
by Hirt analysis. 

20 Example 6.Ad7-env MW 

The construction of recombinant adenoviruses containing the coding sequence of ths env (gp 160) gene 
of MN strain of HIV-1 is described briefly as follows: The 125 bp (6243 to 6367) fragment of the amino (Nhy 
terminus of the env (gp1 60) gene including the initiation codon (ATG) as well as consensus Kozak sequence 

25 was amplified by polymerase chain reaction (PCR) from the clone pMNST 1-6*9. This fragment was then 
cloned in pGEM vector and the resultant clone was designated as pGEMMNenv. The following fragments of 
DNA were Isolated by digesting with the restriction enzymes Kpnl and Xbal from the clone PAdStpluuenv 223 
(6367 bp to 8818 bp), Xhol + Kpnl fragment from PGEMenv and sail ♦ Xbal fragment from pAd7tpl 18RD. All 
of these fragments were ligated together and the resultant clone was designated as pAd7tpl MN env. This piasmid 

so was then digested with Xbal and treated with calf intestine alkaline phosphatase (CIAP). The Nhel+Xbal frag- 
ment of Hrev gene was then isolated from the piasmid, pAd7tplHrev 18RD. The clone that was obtained after 
llgating these two fragments together was designated as pAD7tpl MN envtplHrev. This piasmid was then digest- 
ed with Nhel+ Xbal and then ligated to the E3 delation piasmid of Ad7, pAd7AE3 (66 m.u. to 100 m.u. deletion) 
that was also digested with Xbal and then treated with CIAP. The resultant piasmid was designated as 

35 pAD7AE3tpl MN envtpl MN Hrev. This piasmid was digested with EcoRI and mixed with the EcoRI (0-87 m.u.) frag- 
ment of the Ad7 genomic DNA. A549 ceils were then transfected with these DNAs. Recombinant plaques ob- 
tained from in yjvo recombination were identified by the appropriate restriction digestion analyses of the Hirt 
DNA. The piaques were also identified by the production of gp160, gp120, and gp41 using appropriate anti- 
bodies on Western blots. 

«o 

Example 7.Ad4-env M M and Ad5-env MH 

The construction of Ad 4 and Ad5 recombinants are the same as that of Ad7-6nv MN except that for Ad4, 
EcoRI digested DNA from pAcWAEStplMNenvtplHrev was combined with the Bell (0-87 m.u.) fragment from the 
45 Ad4 genomic DNA to produce the recombinant Ad4 virus. Similarly for Ad5, Mlul-dlgested DNA from 
pAd5AE3tp! MN envtplHrev was combined with the Spel (0*75 m.u.) fragment of Ad5 genomic DNA to produce 
the recombinant Ad5 adenovirus. Like Ad7, both Ad4 and Ad5 recombinants were obtained from A549 cells. 

Example 8. Subun it Antigen Preparation 

60 

gp-120w N waa prepared according to Kaufman, R.J., Nudeic Acid Res. 19: 4485 (1991) and was used In 
SAF-rn adjuvant (Allison, A.C., J. Imm. Meth. 95: 157 (1986). gp-120 SF2 waa prepared according to Scandella, 
C.J., AIDS Res. Human Retroviruses 9: 1233 (1993) and was used in MF-59 adjuvant (Keitel, W., Vaccine 11 : 
909 (1993)). HA-env K i7K was prepared according to Kalayan, N. f Vaccine 12: 753 (1994) and was used in SAF- 
55 m adjuvant 
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Measurement of Replication and Antigen Expression 

Human A549 cells were infected (MO) 10:1) with recombinant adenovirus types 4, 5, and 7 that contained 
either the LAV or MN env genes. At 34 hours post-infection, virus titer and env antigen expression was deter- 

5 mined In duplicate samples. One dish of infected cells was subjected to 3 cycles of freeze thawing and the cell 
lysate was tested for the presence of Infectious virus by plaque assay. The second culture dish was washed, 
detergent solubllized t and an aliquot of the cell lysate was loaded on to a 10% pdyacrylamlde gel. Following 
electrophoresis, the separated proteins were transferred to nitrocellulose by a Western blot apparatus. The 
transferred proteins were Immunostained with anti-env reagents. A known standard, recombinant gp160, was 

10 added prior to electrophoresis. The resulting immunoblot was scanned by a densitometer and the amount of 
recombinant env determined. There were no significant differences seen between wild type adenoviruses and 
the recombinant adenoviruses expressing either the LAV or MN env gene. Both types of recombinant adeno- 
viruses, LAV or MN, produced similar amounts of env antigen. Therefore, both types of Ad-env recombinants, 
LAV and MN, were able to grow in human A549 ceils 88 well as their corresponding wild type adenovirus, and 

15 were abie to express recombinant env antigen. These results therefore demonstrate that both the LAV and 
MN adenovirus recombinants are capable of generating ceil mediated, humoral, and secretory immunity in 8 
mammal. The data obtained are summarized in the table below. 
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ADENOVIRUS REPLICATION AND ANTIGEN EXPRESSION 


Adenovirus 


pfu/cellxlO* 


uo, env/10 6 cells 


Ad4 wild type 


5.4 


0 


Ad4-env 


9.1 


2.1 


Ad4-envMH 


6.8 


2.7 


Ad5- wild type 


22 


0 


Ad5-errv 


86 


5.4 


Ad5-env MN 


18 


5.7 


Ad7-wild type 


18 


0 


Ad7-env 


11 


3.1 


Ad7-errv MN 


7.8 


3.6 



Treatment Regimens 

Immunogenidty of the recombinant adenoviruses for HIV was evaluated in chimpanzees under four treat- 
ment regimens (1 , 2, 3, and 6), and in dogs two treatment regimens (4 and 5). Protection against HIV-1 infection 
was evaluated in chimpanzees In the sixth treatment regimen. The first regimen consisted of administering 
the recombinant adenovirus orally via an enterically coated capsule (Example 5) at 0, 7, and 26 weeks followed 
by an env + gag subunit protein booster using alum as an adjuvant The second regimen consisted of further 
treating the chimpanzees that received regimen 1 at 46 and 58 weeks with additional boosters of recombinant 
adenovirus administered intranaeally. The third treatment regimen consisted of administering recombinant 
adenovirus intranasal ly to naive chimpanzees at weeks 0, 24, and 52 followed by an env subunit booster at 
week 75. The fourth treatment regimen consisted of administering recombinant adenoviruses derived from 
both the LAV and MN strains of HIV-1 to dogs. 

The fifth treatment regiment consisted of administering env subunit boosters to either previously immun- 
ized or control dogs. Each treatment group consisted of 6 previously immunized dogs and 2 control dogs. Of 
the previously immunized dogs, six had received Treatment Regimen 4 (Group A); six had received Treatment 
Regimen 4 (Group D); six had received Ad-envHxu (expressing a portion of the HIV env V3 loop, derived from 
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20 



the LAV strain of HIV); and twelve had previously received Ad-envKxu (expressing a portion of the HIV env 
V3 loop, derived from the MN strain of HIV) (prepared according to Robert-Guroff, M., J. Virol 68: 3459 (1994) 
and Veronese, F.D., J. Biol. Cham. 268: 25894 (1993)). 

The sixth treatment regimen consisted of administering Ad-env MN recombinants to chimpanzees, followed 
byO, 1 or 2 Ad-env MN booster immunizations using heterologous Ad vectors. The chimpanzees were then given 
one or two booster immunizations with env (gp^O^ subunit antigen preparations, followed by a challenge 
with the SF2 strain of HIV. 

The following table summarizes treatment regimens 1 and 2. 



ImmBBlsailfln 

Regimen I 
Primary* 



1st Booster* 

2nd Booster* 
3rd Booster* 



TREATMENT REGIMENS 1 AND 2 
ChimraMwg I And 3 



Time 
0 weeks 

7 weeks 

26 weeks 
34 weeks 



Regimen 2 

1 st Intranasal Boost 46 weeks 

2nd Intranasal Boost 58 weeks 



1.5xl0 7 pfuAd7-env 
2.0xl0 9 pfuAd7-gag-l 

Uxl0 10 pfuAd4-cnv 
1.0 x 10 l0 pfuAd4-gag-l 

7.9xl0 10 pfuAd5-env 

200 ug env in 0.2% alum 
500 ug env in 0.2% alum 



1.0 x10 s pfuAd7-env 
1.0 x10 s pfu Ad7-gag 

1.0 x 10* pfu Ad4-env 
1.0 x 10 8 pfu Ad4-gag 



Chimpanzee 3 
1.5xl0 7 pfuAd7-env 

Uxl0 10 pfiiAd4-env 

7.9xI0 10 pfuAd5-env 
200 fig env in 0.2% alum 

1.0xJ0 8 pfuAd7-env 
1.0 x10 s pfu Ad4-env 



*Each dose was administered in enteric-coated gelatin capsules on 3 consecutive days. 
"■"Administered intramuscularly. 



The following table summarizes treatment regimen 3. 



55 



ImmunliatlftP 
Primary* 

1st Booster* 

2nd Booster* 

3rd Booster" 1 " 
*Aamiiustered 



TREATMENT REGIMEN 3 
lime Chlm D an«g« d gmj g 

0 weeks 1.0 x 10 7 pfu Ad7-env 
l.Ox l0 7 pfuAd7-gag 



1.0xl0 7 pfiiAd4-env 
l.Ox 10 7 pfu Ad4-gag 



24 weeks 



52 weeks 



75 weeks 



l.Ox 10 7 pfoAd5-env 
1.0 x 10 7 pfu Ad5-gag 

0.5 mg env 



Chlmpanatt ff 

1.5xl0 7 pfuAd7*nv 
1.5 x 10 7 pfu Ad4-env 
1.5 x l0 7 pfuAd5-env 
0.5 mg env 



The following Table summarizes treatment regimen 4. 
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TREATMENT REGIMEN 4 



Immunization 

Primary* 


0 weeks 


Group /V 
(n.= 6) 
Ad7-env^ 


Group B 

fp = 31 

AJ7-env 


Group C 

(n = 31 

Ad7-envMN 
+ Ad7-eov 


Group D 

fp E 6) 

AdS^nvwN 


1st Booster 4 * 


12 weeks 


AdS-envM^ 


Ad5<nv 


Ad5-envMN 
+ Ad5-env 


Ad4-env MN 



* Each recombinant adenovirus was administered intratracheally at a dose of I x 10 9 per dog. 



The following summarizes treatment regimen 5. Each group consisted of 6 dogs that were previously im- 
15 munized, as described above, and 2 control dogs. Each group received 50 jig of the subunit in adjuvant at 0 
weeks (20-26 weeks from the last Ad-env administration). Group A received gp120sF2 in MF59 adjuvant; Group 
B received CHO-derived gp^O^ (antibody purified) in SAF-m; Group C received Ad5-gp160MK-<Jerived 
gpi60 MN (lentil lectin purified) in SAF-m; Group D received AdS-gpieo^r^erived gplSOm (lentil lectin puri- 
fied) in MF59; and Group E received HA-env K i7K (expressing a portion of the HIV env V3 loop). Twelve weeks 
20 later dogs were identically boosted with the same sub-unit, with the exception of Group D dogs which were re- 
boosted with the HA-env K17K . 

The following table summarizes treatment regimen 6. 

, TREATMENT REGIMEN 6 



Immunization 


(weeks) 7 


8&9 


10 


11 


12 


Primary 


0 


AdS-envMM* 


AdS-envMM 


AdS-envMN, 
Ad7-env MN , 
Ao^UenvwN 


AdS^nvMN 


Ad5 wild type 


1st Booster 


12 




AxH-envMN 


AdS-envMN, 
Ad7-env MNl 
Ad4-en VMN 


Ad7-cnv MN 


Ao7 wild type 


2nd Booster 


24 








Ad4-envMN 


Ad4 wild type 


Subunit Boost 


26 


8>120sf2* 










Subunit Boost 


38 


gpl20 SF2 


KPl20sF2 


gpl20sn 






Subunit Boost 


48 








gpl20sp2 


MF59 


Challenge 


# 




HIVsr 









+ AU Ad-env and Ad viruses were administered at a dose of 1.0 x 10 7 pfWvirus intranasally. 

* 50 jig HIV gpl20sp2 formulated in MF59 adjuvant was aaministercd intramuscularly. 

# Chimpanzees 7, 8, and 9 were challenged at 40 weeks; 1 1 and 12 were challenged at 52 weeks, and 10 
was not challenged. 



Measurement of Immunogon lefty: Treatment Regimen 1 Chimpanzee Inoculations 

so Three chimpanzees (2 males and 1 female) that were screened negative for the presence of neutralizing 
antibodies to human adenoviruses type 4 f and 7 were evaluated using treatment regimen 1 . Enteric-coated 
capsules containing recombinant adenoviruses were given using a stomach tube under anesthesia on three 
consecutive days. Two chimpanzees (1 and 2) received both env and gag recombinant viruses while the third 
chimp (3) received only env recombinant viruses. 

55 Adenovirus-derived subunit preparations containing env or gag gene products were purified from infected 
A549 cell cultures [see Vernon, S., J. Gen. Virology 72: 1243 (1991) and Natuk, R., Proc Natl. Acad. Sci. USA 
89: 7777 (1992)]. Recombinant antigens were formulated with alum adjuvant and administered Intramuscular- 
ly, 200 ug/dose env and 500 ug/dose gag particles. 
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Whole blood, serum, and stool samples were collected at different times during the course of the experi- 
ment Whole blood was processed to obtain white blood cell populations for FACS, HIV CTL (using recombinant 
vaccinia viruses expressing HIV-env, HIV-gag, or the lac gene products), and for tymphoprdlferative assays 
to purified HIV recombinant gp160, gp120, and p24. Serum and stool specimens were stored at -70° C until 
5 use. 

Detection of Recombinant Adenoviruses In Stool Specimens 

Chimpanzee stool specimens were thawed and 1 0% ( V/V) suspensions were made into antibiotic contain- 
to ing DM EM. aerified stool suspensions were used to Infect confluent A549 cell monolayers in 60 mm tissue 
culture dishes. After a 1 hr adsorption period the unbound material was washed away and the monolayers were 
overlaid with an 0.5% agar overlay medium. Plaques were allowed to develop for 7-10 days and plaques were 
visualized by neutral red staining, counted and the agar overlay was gently removed taking care not to disturb 
the cell monolayer. The cell sheet was transferred to nitrocellulose filter membranes (Millipore Type HA, 0.45 
is urn), presoaked in 20X SSC and placed on the cell layer and left In contact with the cell monolayer for 2 to 4 
minutes. The filters were peeled off, air-dried, and baked far 2 hr in a vacuum oven at 80* C. Nitrocellulose 
filters were washed twice In 3X SSc/0.1% SDS at room temperature and prehybridized and hybridized accord- 
ing to standard procedures [Poncet. D„ J. Virol. Methods 26: 27 (1989)]. *P-labeled oligo-probes were added 
to the hybridization buffer(1 x 10*CPM)and incubated overnight at 42° C. DNA probes were prepared by which 
20 could detect either Ad4 fiber, Ad5 fiber, Ad7 fiber, HIV-env or HIV-gag specific sequences. fWain-Hobson, Cell 
40: 9 (1985)]. The filters were washed, autoradiographed, and hybridization signals were counted. 

Adenovirus Neutralization Test Procedures 

25 Serial 2-fold dilutions (starting with 1:4) of heat-Inactivated (56 C fdor 30 mln.) dog serum were made In 
96-weII microtiter plates (0.05 ml/well) and were mixed with 0.05 ml media containing 30-100 TCIDr, virus for 
1 hr at 37° C To each well 0.05 ml of media containing 2x 10* A549 cells were added and the plates were in- 
cubated at 37° C 5% CO2 for 7-10 days. All samples were done in duplicate. Virus and uninfected cell controls 
were included in each assay for determining the end point in test sera. Titers were expressed as the reciprocal 

so of the lowest dilution at which 50% cytopathlc effect was observed. 

Detection of Antt-HJV Antibodies by EUSA and Western Blotting 

Detection of anti-HIV antibodies Chimpanzee antibody responses to HIV-1 antigens were measured by . 
35 testing various dilutions by commercial EUSA and Western blot kits as instructed by the manufacturers (Du- 
Pont, Wilmington, DE). 

Results 

to Feces were collected from each chimpanzee prior to and after virus inoculation and stored at -70° C. Ten 
percent suspensions were prepared from each sample and were used to Infect confluent A549 cell monolayers. 
After 7-1 0 days viral plaques were identified by neutral red staining and the ceO monolayers were transferred 
to nitrocellulose membranes. Representative samples were hybridized with various labeled oligo-probes to de- 
tect sequences specific for Ad4, Ad5, Ad7, HIV-env, or HIV-gag genes. Identification of specific recombinant 

45 Ad-HIV viruses could be determined by this plaque hybridization technique. None of the recombinant viruses 
were shed into the feces for longer than 7 dayB pi Peak titers were always associated with 1-3 day samples 
and most likely represented the non-adsorbed virus inoculum. Previous chimp studies using Ad-HBsAg recom- 
binants had Indicated that Ad-HBsAg recombinants could be detected for 30-40 days p.i. With the enteric cap- 
sule route of administration, it appeared that these recombinant viruses did not replicate well in vivo. 

so Seroconversion to the serotype of the adenovirus vectors employed was determined by neutralization test 
procedures. Very low to modest antl-adenovlrus serum titers were measured to all 3 serotypes used (n each 
of the chimpanzees. 

Seroconversion to recombinant HIV gene products were determined by either EUSA or Western blotting 
techniques. No ELISA response was detected in any of the chimpanzees prior to the second booster inoculation 
55 with the Ad5-env recombinant Two weeks following Ad5-env inoculation anti-env responses could be meas- 
ured In 2 of the 3 animals. Intramuscular injection of gag and/or env preparations had a slight boosting effect 
in 1 of the 3 animals. Western blot analysis appeared to be much more sensitive than the EUSA and had the 
further advantage of identification of which env and/or gag gene products were being recognized as being Im- 
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munogenic. Low serum antibody titers were measured following both the primary Ad7 recombinant and first 
booster with Ad4 recombinants viruses. A significant increase In serum titer to env gene products was observed 
following the second booster immunization with the Ad5-env recombinant Significant increases in the 2 ani- 
mals which received gag gene products were seen following injection with subunit preparations. Despite rel- 
atively good Western biot titers to HIV antigens, only 1 of the 3 animals responded with serum neutralizing 
antibodies. This response in chimpanzee 2 was very low (titer of 10 to 20). 
These results are summarized In the following table. 



RESULTS OBTAINED USING TREATMENT REGIMEN 1 

Recombinant Weston Blot Peak 

Chimp Recombinant Virus Shedding Peak And- Adeno anti-HIV Titers Peak Aoti-HIV 

Number Virus Stool* (Days) Neutralizing Titer env gag Neutralizing Titer 



1 


Ad7-env, Ad7-gag-l 


2,2 


128 




20 


<10 




Ad4-env, Ad4-gag-l 


2,2 


8 




20 


<10 




Ad5<nv 


7+ 


128 


100 




<I0 




subunit: env + gag 






100 


1000 


<10 


2 


Ad7-env,Ad7-gag-I 


3,2 


64 




20 


<10 




Ad4<nv,Ad4-gag-l 


1,7 


128 


20 


100 


<10 




Ad5-env 


7+ 


64 


10000 




20 




subunit: env + gag 






1000 


10000 


10 


3 


Ad7-env 


2 


6 


20 


N/A* 


<I0 




AcM-env 


1 


128 


20 


N/A 


<10 




AdS^env 


7+ 


512 


1000 


N/A 


<10 




subunit: eav 






too 


N/A 


<10 



*N/A o not applicable. 



Cell-mediated immunity was measured in peripheral blood mononuclear ceil population obtained from 
chimpanzees. HIV specific CTL activity was measured by determining lysis of syngenlc target cells that were 
infected with vaccinia virus recombinants that express either the HIV-env gene products, the HIV-gag gene 
products, or the lac gene product (control for nonspecific cytotoxicity). A hint of HIV specific CTL-like activity 
was measured in this way. 

Lymphoproliferative assays were performed to determine whether purified recombinant env (gp160, 
gp120) or gag (p24) preparations were capable of stimulating biastogenesis. No proliferation was measured 
after the primary inoculum and only 1 of the 3 animals show a lymphoproliferative response following admin- 
istration of the first boost with Ad4 recombinant viruses. All 3 animals responded with proliferative responses 
after the second booster (Ad5-env) and the third boost (subunit preparations). 

Measurement of Immunogenlclty: Treatment Regimen 2 

Chimpanzee Inoculations and Collection of Data 

Three chimpanzees (2 males and 1 female) that were previously inoculated with Ad-HIV recombinant vi- 
ruses in enteric-coated capsules and boosted with adenovirus-derived gag and/or env subun its (treatment reg- 
imen 1) were infected Intranasal! y with Ad7-HIV viruses (week 46) and 12 weeks later (week 58) with Ad4-H)V 
viruses. Recombinant adenoviruses were given in tissue culture media diluted with phosphate saline buffer 
dropwise into the nostrils of chimpanzees under anesthesia. Two chimpanzees (numbers 1 and 2) received 
both env and gag recombinant viruses while the third chimp (number 3) received only env recombinant viruses. 

Whole blood, serum, and stool samples were collected at different times during the course of the experi- 
ment, and processed as described In Regimen 1 . Adenovirus detection in stool samples or nasal swabs, ade- 
novirus neutralization test procedures, and detection of anti-HIV antibodies were performed according to the 
procedures described in Regimen 1. 
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Results 

The first intranasal booster with Ad7 recombinants was given in one dose of 1x1 0° pfu'sVchimpanzee. At 
the time of virus administration chimpanzees 3, 1 , and 2 had serum anti-Ad 7 neutralization titers of <4, 8, and 

5 64 respectively from previous oral immunizations. Nasal swabs and stool samples were examined for the pres- 
ence of shed recombinant viruses by a plaque hybridization technique. Recombinant Ad7-env was detected 
In nasal swabs up to 7 days p.l. In two of the animals. Recombinant Ad7-env and Ad7-gag were found to be 
present in stool samples from 5 to 12 days p.l. There was a correlation between the serum titer to Ad 7 and 
the ability to detect recombinant viruses in nasal swabs and stool specimens. The two animals which displayed 

10 marginal anti-HIV antibody response were greatly augmented by the intranasal boost. The third animal was 
boosted to a lesser extent Low tltered neutralizing antibodies directed at HIV could now be detected In all three 
animals. Secretory antibodies were detected in nasal swab specimens which contained anti-gag and/or env 
binding antibodies. No signs or symptoms of respiratory disease were observed in these animals as a result 
of intranasal administration of the Ad7 recombinant viruses. 

f 5 Three months later these chimpanzees were immunized with Ad4 recombinants at a single dose of 1x10 s 
pf u's/chimpanzee/virus. These animals had serum antl-Ad4 neutralization titers between 126 to 256 from pre- 
vious oral immunization at the time of intranasal challenge. At 3 days post-infection 2 of the animals (2 and 
3) had a slight cough. The third animal (number 1) died on day 5 from a bacterial pneumonia (Streptococcus 
pneumoniae was isolated). The other two animals presented harsh sounds by auscultation and S. pneumoniae 

20 was isolated from both chimpanzees. Antibiotic treatments were initiated and both chimpanzees recovered. 

Upon retrospective examination of this situation several observations could be made. At the time of In- 
tranasal administration chimpanzee number 1 was already experiencing a fever and an abnormal Complete 
Blood Count There was a disproportionate number of polymorphonuclear cells present and a 5% level of band 
cells (immature polymorphonuclear cells) taken together, this information indicated that there was a significant 

25 bacterial infection taking place prior to virus inoculation. Autopsy specimens taken from the lung, liver, spleen, 
and serum all tested negative for the presence of infectious adenovirus by tissue culture using 3 blind passages 
on susceptible AS49 cell monolayers. Similar findings were obtained by plaque hybridization techniques. Lung 
and liver paraffin embedded samples tested negative for the presence of adenovirus antigens using a com- 
mercial immunofluorescent kit for adenovirus antigens. Inclusion bodies were observed in H&E stained lung 

30 sections. There was a disagreement by experts as to whether these inclusions were caused by adenovirus or 
not Several weeks later another chimpanzee experienced a similar fate at the same primate center and died. 
While It was likely that administration of recombinant adenoviruses had a only a minor role, if any, in causing 
the death of chimpanzee number 1 it was considered prudent to administer antibiotics prophytactlcaily prior 
to and after any further intranasal administration of adenovirus recombinants to chimpanzees. 

35 The following table shows the results obtained using treatment Regimen 1 and the Ad7 -recombinants in 
Regimen 2. 



40 



45 



50 



55 
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RESULTS OBTAINED USING TREATMENT REGIMENS 1 AND 2 



Chimp 
Number 



Recombinant Western Blot Peak 

Recombinant Vims Shedding Peak Anti-Adeno anti-HIV Titers Peak Anti-HTV 
Wms Stools (Days) Neutralizing Titer env gag Neutralising Titer 



1 Regimen 1 

Ad7-env,Ad7-gag-l 2,2 

Ad4-env,Ad4-gag-l 2,2 

AdS-env 7+ 
subnnit: env + gag 
Regimen 2 

Ad7-ecv, Ad7-gag 12 

2 Regimen 1 

Ad7-env, Ad7-gag- 1 3,2 

Ad4-env,Ad4-gag-l 1,7 

Ad5-env 7+ 
subuniL* env + gag 
Regimen 2 

Ad7-cnv, Ad7-gag 9 

3 Regimen 1 

Ad7-env 2 
Ad4-env 1 
Ad5-env 7+ 
subuniL' env 
Regimen 2 

Ad7«cnv 7 
♦N/A = not applicable. 



128 




20 


<10 


8 




20 


<10 


128 


100 




<10 




100 


1000 


<10 


512 


10000 


10000 


10 


64 




20 


<10 


128 


20 


100 


<10 


64 


10000 




20 




1000 


1 0000 


10 


8192 


1000 


10000 


20 


6 


20 


N/A* 


<I0 


128 


20 


N/A 


<10 


512 


1000 


N/A 


<10 




100 


N/A 


<10 


256 


10000 


N/A 


10 



Measurement of Immunogonlcity: Treatment Regimen 3 
Chimpanzee Inoculations and Collection of Data 

35 

Three chimpanzees (2 males and 1 female) that were screened negative for the presence of neutralizing 
antibodies to human adenoviruses type 4, 5, and 7 were evaluated using treatment regimen 3. Two chimpan- 
zees (numbers 4 and 5) received both env and gag recombinant viruses while the third chimp (number 6) re- 
ceived only env recombinant viruses. Antibiotics were administered prophytactically to the chimpanzees and 
<o no respiratory disorders were observed. 

Whole blood, serum, and stool samples were collected at different times during the course of the experi- 
ment, and processed as described in Regimen 1. Adenovirus detection in stool samples or nasal swabs, ade- 
novirus neutralization assays, and detection of anti-HIV antibodies were performed according to the proce- 
dures described In Regimen 1 . 

45 

Detection of Inhibition of Gp120 Binding to CD4 Binding Sites 

This assay is designed to measure the ability of chimpanzee anti-env antibodies to block the interaction 
of the HIV gp120 antigen with in natural ligand CD4. Various dilutions of chimpanzee sera were incubated with 
so purified recombinant gp120 (1 ug/mi) 37°C for 1 hour. HeLa CD4 positive cells (5 x 10 5 ) were added to this 
mixture and incubated at 4°C for 1 hour. The ceils were washed 3 times with PBS-5%BSA and mixed with a 
FITC- labeled monoclonal antibody directed at the CD4 antigen (same site the gp120 binds to) and incubated 
at 4°C for 1 hour. The cells were washed three times with the PBS-5% BSAand analyzed by flow cytometry. 

55 
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Results 

1st Immunization with Ad7-recomblnants: 

6 Recombinant viruses were shed into feces for 22 to 34 days post-infection. No recombinant viruses were 

detected In nasal secretions taken at 2 weeks post-infection. Seroconversion to the serotype of the adenovirus 
vectors employed was determined by neutralization assays. Excellent ant ^adenovirus serum titers were meas- 
ured In all 3 chimpanzees to Ad7 serotypes used In each of the chimpanzees. Seroconversion to recombinant 
HIV gene products were determined by Western blotting. Four weeks following the primary immunization with 

10 Ad7-recomblnants antt-env and anti-gag responses could be measured in 2 of the 3 chimpanzees. By 20 weeks 
post-infection ail 3 animals had measurable antibodies to HIV antigens. Secretory antibodies were not found 
in nasal swabs taken within the first 4 weeks following primary Immunbation. Ail 3 chimpanzees failed to mount 
detectable anti-HIV neutralizing antibody responses. 

15 1st Booster Immunization with Ad4-recornblnants: 

Recombinant Ad4 viruses were shed Into feces for 14-28 days post-Infection. Examination of nasal swabs 
indicated that recombinant Ad4 viruses could be detected in all 3 chimpanzees for at least 7 days post-infection. 
Significant anti-Ad4 responses were mounted against the Ad4 serotype following intranasal administration . 
20 The magnitude was slightly lower then that measured against the Ad7-recombinant viruses. Excellent booster 
responses to gag and/or env antigens were measured in all three animals. Low titered (1:2) anti-gag and/or 
anti-env responses were measured in nasal swabs from Chimpanzees 4 and 5. Still no anti-HIV neutralizing 
antibodies were measured in any of the animals. 

25 2nd Booster Immunization with AdS-recomblnants: 

Recombinant Ad5 viruses were shed into feces for 8 days post-infection. No recombinant viruses could 
be detected In nasal swabs at 0, 1 , or 2 weeks post-inoculation. Anti-HIV IgG and Ig A antibody response against 
env and gag could be measured in nasal swabs taken from 2 of 3 chimpanzees following Ad5-recombinant 

30 booster immunization by Western blot analysis. IgG and IgA anti-env and/or anti-gag antibodies were detected 
in saliva samples collected from 2 of 3 chimpanzees. Anti-env and -gag antibodies of the IgG class were de- 
tected in vaginal swabs taken from the single female chimpanzee. 

Several samples which contained the greatest amount of anti-HIV antibodies of the IgA class were exam- 
ined for the presence of secretory component This was accomplished by substitution of polyclonal anti- 

36 secretory component (human) for polyclonal anti-lgA (human) in the HIV Western Wot assay. Secretory anti- 
HIV IgA, containing secretory component, was detected in both nasal swabs and saliva samples In 1 of 3 chim- 
panzees. 

3rd Booster Immunization wjth env Subunjfc 

40 

The strongest anti-env antibody responses were measured following subunit administration of these chim- 
panzees that had been primed with live recombinant adenoviruses. Anti-env antibody responses were detected 
In both serum and in various secretory samples collected from the nasal-oral cavity, vagina, and rectum. Peak 
antibody titers were detected at 4 weeks post administration with env subunit. 

45 Serum anti-HIV neutralizing antibody titers of 320-640 were observed in all 3 chimpanzees. Antibodies 
directed against the gp1 20 V3 loop were detected by EUSA and against the gp1 20 CD4 binding site were de- 
tected by a FACS blocking assay. All three chimpanzees produced high ELISA titers (1000 - 9000) directed at 
the V3 loop (a region which contains the major neutralization determinant for HIV). 

Chimpanzee sera collected at the height of the neutralizing response was evaluated for the presence of 

so anti-CD4 binding site antibodies. Ail three animals had acquired antibodies that were capable of blocking the 
interaction between gp120 with CD4. The CD4 binding site is a conformational epitope and antibodies directed 
at this site are believed to be Important in blocking uptake up celi-free HIV and perhaps capable of inhibiting 
gp120-CD4 syncytium induction. The results are shown In Figure 1. 

Nasal swab anti-env antibody titers of the IgG and IgA classes of immunoglobulins were boosted in 3 of 

55 3 and 2 of 3 chimpanzees, respectively, following booster immunization with the env subunit. Similar results 
were observed In the saliva samples taken from these chimpanzees. Two of three chimpanzees had IgG anti- 
env antibodies present in rectal swabs and the single female chimpanzee had a strong IgG anti-env booster 
response measured in vaginal swabs. The presence of anti-HIV antibodies in mucosal secretions is critical be- 
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cause certain mucosal surfaces represent major sites for HIV Infection, 
Summary Tables: 

The following table shows the results obtained using treatment regimen 3. 



RESULTS OBTAINED USING TREATMENT REGIMEN 3 

Recombinant Western Blot Peak 

Chimp Recombinant Virus Shedding Peak Ami- Adeno antMHV Titers Peak Ami-HTV 

Number Virus Stools (Days) Nf"*H»r n g Titer env gag Neutralizing Titer 



4 


Ad7-env,Ad7-gag 


22,22 


1024 


100 


1000 


<10 




Ad4*nv,Ad4-gag 


14J4 


128 


10000 


10000 


<10 




Ad5-env,Ad5-gag 


8.8 


32 


10000 


10000 


20 




subunit: env 


N/A» 


N/A 


> 10000 


10000 


640 


5 


Ad7-env,Ad7-gag 


34,27 


1024 


100 


10000 


<10 




Ad4-env,Ad4-gag 


14,14 


512 


10000 


10000 


<10 




Ad^env,Ad5-gag 


8,8 


32 


1 0000 


10000 


20 




subonit: env 


N/A 


N/A 


1000 


10000 


320 


6 


Ad7-cnv 


34 


1024 


100 


N/A 


<10 




Ad4-env 


28 


512 


10000 


N/A 


<10 




Ad5-env, gag 


8,8 


32 


10000 


N/A 


40 




subunit: env 


N/A 


N/A 


>10000 


N/A 


320 



*N/A = not applicable. 



The following table summarizes anti-HIV responses detected in chimpanzee secretions following Intranas- 
al booster immunization with the Ad5-HIV recombinants and after the intramuscular subunit boost (week 23 
post boost). 
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ANTI-HIV RESPONSES DETECTED IN SECRETIONS 



Secretion Analyzed 



Chimp Antigen Weeks Nasal Saliva 
Number Recognized Post Boost** IgA IgO IgA IgG 



Vaginal 
IgA IgG 



gag 



20 



25 



cov 



0 




350 


- 


- 


• - 


• 


1 


180 


360 


- 


- 


- 


90 


2 


180 


2880 


20 


20 


- 


90 


4 


720 


1440 


• 


20 


- 


360 


23 


- 


- 


- 


80 


- 


- 


24 


90 


720 






- 




25 


90 


2880 


20 


160 




180 


27 


90 


1440 




160 


- 


720 


0 


- 


180 


- 


- 


- 


- 


1 


360 


. 360 


- 


20 


- 


90 


2 


. 720 


2880 


- 


20 


- 


90 


4 


720 


720 


- 


20 


- 


90 


23 


90 


- 


- 


- 


- 


- 


24 


90 


90 


- 


- 


- 


- 


25 




90 










27 


90 


360 










0 










N/A+ 


N/A 


1 




90 






N/A 


N/A 


2 




2880 






N/A 


N/A 


4 




360 






N/A 


N/A 


23 










N/A 


N/A 


24 




360 




20 


N/A 


N/A 


25 


90 


2880 


20 


80 


N/A 


N/A 


27 




720 




320 


N/A 


N/A 


0 










N/A 


N/A 


1 




90 






N/A 


N/A 


2 


90 


1440 






N/A 


N/A 


4 




360 






N/A 


N/A 


23 


90 








N/A 


N/A 


24 


90 








N/A 


N/A 


25 


90 


90 






N/A 


N/A 


27 










N/A 


N/A 


0 










N/A 


N/A 


1 










N/A 


N/A 


2 




1440 


20 


20 


N/A 


N/A 


4 




360 






N/A 


N/A 


23 










N/A 


N/A 


24 




180 






N/A 


N/A 


25 




720 




20 


N/A 


N/A 


27 




720 






N/A 


N/A 



50 



* - equals less than 90 for nasal and vaginal swabs and less than 20 for saliva samples. 
+ N/A = not applicable. 

** Post Ad5 -boost Subunit boost was administered 23 weeks after Ad5 boost 



56 
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Measurement of Immunogenlclty: Treatment Regimen 4 
Dog Inoculations and Collection of Data 

5 Recombinant adenovirus was administered according to the table shown above for Treatment Regimen 

4. Serum was collected at different times during the course of the experiment, and processed as described in 
Regimen 1. Adenovirus neutralization test procedures were performed according to the procedures described 
in Regimen 1. Detection of antl-HIV antibodies was performed according to the procedure described in Reg- 
imen 1 except that biotinolyiated goat anti-dog IgG^ ♦ d was substituted for biotinylated goat anti-human 

10 1qG(h ♦ L). 

Serum samples were taken from immunized dogs at regular intervals after primary immunization and 
booster immunizations. Seroconversion to the serotype of the adenovirus vector employed was determined 
by neutralization test procedures. All of the dogs responded with strong antl-adenovirus titer to Ad7 vectors. 
Weaker anti-AdS responses were seen following Ad5 primary or booster inoculation. Seroconversion to env 

15 antigens was measured by Western blot and by HIV neutralization assays. Some dogs were able to produce 
low titer anti-env antibodies following primary i mmunlzatlon with recombinant Ad-env (LAV or MN). Significant 
booster responses to env antigen were observed in almost aQ of the dogs following heterotypic boosting with 
another recombinant Ad-env (LAV or MN) virus expressing the same type of env antigen. 

Dogs that were primed with Ad7-env MN and boosted with Ad5-envuN had an average anti-HI V MN serum titer 

20 of >180 (range 45->270) at 4 weeks post-boost Dogs receiving the AdS-env^ and Ad^envwN combination 
had an average anti-HIV^ serum titer of >170 (range 45->270) at this same time. There were no cross pro- 
tective antibodies directed at the HiV^v strain in any of these dogs. Dogs receiving the Ad7-env and Ad5-env 
combination had an average anti-HlVuv serum titer of 55 (range 20-85) at 4 weeks post-boost and none of 
these dogs had antt-HiV^ titers. In at least one of the three dogs receiving the "recombinant cocktail" that 

25 contained both MN and LAV recombinant viruses had a antl-HIV^ serum titer of 90 and an anti-HIV^ titer 
of 50. The other two dogs had anti-H IV^y titers of 45 and 1 5. 

These results demonstrate that the recombinant Ad-HIV^ viruses all elicit neutralizing antibodies directed 
at the MN strain of HIV. Low neutralizing titers were seen in 2 of 6 dogs In Groups 1 and 1 of 6 in Group 4 
following the first immunization with Ad-env M N recombinants. Low to high neutralization titers were measured 

30 in all of the dogs in these two groups following booster immunization with heterotypic recombinant viruses. 
The neutralization titers produced were type specific and did not cross react with the LAV strain of HIV. When 
compared directly to other dogs treated with LAV recombinant Ad-env viruses, Ad-env MN recombinant viruses 
appeared to elicit higher type-specific neutralization titers in the dog standard pharmacological test procedure. 
Finally, the use of a "recombinant cocktair which contains both MN and LAV recombinants appears to be ca- 

35 pable of eliciting neutralizing antibodies to both strains of HIV. 

Measurement of Immunogenlclty; Treatment Regimen 5 
HIV Subunlt Administration In Dogs 

40 

Thirty laboratory dogs that were either previously immunized twice with Ad-env recombinants (12-18 week 
intervals, with the 2nd immunization 20-28 weeks prior to the 1st subunit immunization) and ten (10) control 
dogs that have never been exposed to Ad-env recombinants were injected with one of five different HfV-env 
subunit preparations according to the description shown above for Treatment Regimen 5. All immunizations 
45 were administered by the subcutaneous route. Serum was collected at different times during the course of the 
experiment, and processed as described in Regimen 1 /Adenovirus neutralization test procedures were per- 
formed according to the procedures described in Regimen 1. 

Results 

60 

The results that were obtained are described below and provided in a summary table that follows. 
1st Subunit Administration. 

65 All subunit vaccines administered to Ad-env "primed" dogs boosted anti-H IV^ neutralizing antibody re- 
sponses. Two subunit preparations, A and C, were both examined for their ability to induce cross neutralizing 
responses to HIV^. Heterologous boosting (i.e., Ad-env^ primed and gp-120sF2 boost) as well as homolo- 
gous boosting (Ad-env^ primed and gptfOw boost) both stimulated anti-HIV^ neutralizing antibody re- 
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sponses. Control dogs from groups B and C produced anti-env binding antibodies to HIV-env. Neutralizing an- 
tibody responses were not observed In control dogs following the first subunit administration. 

2nd Subunit Administration. 

6 

Administration of the second subunit did not appear to be as effective as a boosting agent compared to 
the first subunit administration. Group B dogs exhibited the greatest serum neutralizing antibody response (3- 
4 fold increase) of the five groups following the second booster immunization. Groups A and C showed two- 
fold increases following their second subunit administrations, while the HA-env antigen failed to significantly 
w alter the geometric mean neutralizing titer of either Group D or E. Controls from all five groups produced anti- 
env binding antibodies. Functional neutralizing anti-HIV antibodies were observed only in the groups B, C, and 
D controls. Group A and E controls still failed to produce neutralizing antibody responses after the second sub- 
unit administration. 

In summary, these results demonstrate that strong neutralizing antibody responses were elicited in ail 
is groups that were previously "primed" with Ad-HIV recombinants. After priming, high neutralizing antibody titers 
were observed in groups that were boosted heterologously (with gp1 20 SF2 ) and homoiogously (with gp120 MN ). 
in the primed dogs, neutralizing antibodies were generated to both the MN and SF2 strains of HIV. Neutralizing 
antibody titers were still observed at twelve weeks, prior to the second boost After the second boost, signif- 
icant increases in neutralizing antibodies were observed in both gp120-boosted groups (Groups A and B). 

20 

Summary Table 

The following table shows the results obtained using Treatment Regimen 5. 



HTV SUBUNIT IMMUNIZATION IN Ad-HIV PRIMED DOGS 



Peak Titer 



30 



Group* 


n 


First 
Subunit 


Second 
Subunit 


After 
2nd Ad-HIV 


Anti-HIVMN Responses* 
Owk 2wk 12 wk 14 wk 


A 


6 


gpl2QsP2 


gp!20 S P2 


122 


16 


357 


84 


270 




2 


gpl20sp2 


gpI20sF2 












B 


6 


gpUUMN 


gpUOMN 


141 


17 


883 


229 


472 




2 




EP120mN 










156 


C 


6 


gplGOMN 




88 


29 


369 


55 


68 




2 














100 


D 


6 




HA-env 


88 


25 


391 


87 


83 




2 


gpIGOMN 


HA-env 










93 


E 


6 


HA-env 


HA-env 


189 


41 


431 


62 


110 




2 


HA-env 


HA-env 













+ Each group consisted of 6 dogs that were previously immunized twice with Ad-Env^N and 2 control 
dogs that were not immunized. 

* Reciprocal geometric mean neutralization titer to HTV*mN- Reciprocal geometric mean neutralization 
titers to of 98 and 42 to HIVsr were observed for the previously immunized dogs of groups A and C 
respectively, at 2 weeks. 
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Measurement of Immunogenlclty: Treatment Regimen 6 
Chimpanzee Inoculations and Collection of Data 

5 Six female chimpanzees were selected on the basts of their serological profiles to human adenoviruses 

types 4, 5, and 7. and ware treated according to the table shown above for Treatment Regimen 6. Their se- 
lection was based on a "best fit" for having the lowest possible serum neutralization titers directed at the various 
Ad-env vaccine combinations that were designated to be administered. Four chimpanzees that were either ser- 
onegative or weakly seropositive received either 1, 2, or 3 consecutive intranasal immunizations with reconv 

10 binant Ad-env (12 week Intervals) (Chimpanzees 7, 8, 9, and 1 1). One chimpanzee that was strongly seropo- 
sitive (titers of 128 to all 3 Ad serotypes; Chimpanzee 10) was given a mixture of all 3 recombinants (each at 
a dose of 1 x 10 7 pfu) as a primary immunization and boosted 12 weeks later with the same mixture. Ail of the 
Ad-env immunized chimpanzees received an intramuscular immunization boost with 50 pg of gp^O^ HIV- 
env subunit formulated in MF59 adjuvant (MF59 adjuvant is described in Vaccine 11: 909 (1993)). One control 

15 chimpanzee (number 12) received 3 consecutive intranasal immunizations with wild-type human adenoviruses 
(12 week intervals) and an intramuscular immunization with the MF59 adjuvant alone at week 46. Antibiotics 
were administered prophylactically to all of the chimpanzees and no respiratory disorders were observed. 

Whole blood, serum, and stool samples were collected at different times during the course of the experi- 
ment, and processed as described in Regimen 1. Adenovirus detection in stool samples, nasal or pharyngeal 

20 swab samples were done either by a plaque hybridization assay (described in Regimen 1) or by PGR technol- 
ogy (see below). Adenovirus neutralization assays and detection of antl-HIV antibodies were performed ac- 
cording to the procedures described in Regimen 1. Chinese hamster ovary cell (CHO)-derived gp120 or com- 
mercially purchased (American Biotechnologies, Cambridge, MA) HIV V3 MN peptides were used as substitute 
antigen reagents in antibody binding assays. 

25 PCR detection of recombinant Ad-env in chimpanzee stool samples was carried out with a commercially 
purchased PCR kit according to the supplier's instructions (Perkin Elmer Cetus, Norwalk CT). Briefly, about 
250 pi of the stool samples was heated to 95° C for 5 minutes and centrifuged in a microfuge at top speed for 
2-3 minutes. The supernatant was saved. 1-10 pi per PCR reaction was used. Several tubes of master mix 
were prepared from the PCR kit and kept frozen at -20° C. For a 10 reaction tube, sterile water (615 pi), 10 X 

30 buffer (100 pi), dATP (20 pi), dCTP (20 pi), dGTP (20 pi), and dTTP (20 uJ) were mixed to make up the master 
mix. For each reaction, 79.5 pi of the master mix were used. On the day of the first PCR, a tube of master mix 
(10 rx) was thawed. To the master mix were added 10 pJ of each of the oligomers, 5 pi of native Taq DNA poly- 
merase, 50 pi water. The solution was mixed and about 90 pi was distributed to each reaction tube. The PCR 
was carried out in a 0.5 ml eppendorf tube. To each tube was added 1 0 pi of the stool supernatant Thirty (30) 

35 cycles of PCR amplification were run at 95° C for 1 hour, 45° C for 1 .5 hours, and 72° C for 2 hours. A second 
PCR was performed with a 2.5 pi aliquot of the first PCR product as a DNA template and a corresponding oligo 
pair as primers. After 30 cycles of amplification, 10 pi of the reaction product was run on a 1.2% argose gel. 
A 800 bp DNA band was observed as a positive control for Ad7-env. The following primer pairs were used for 
nested PCR, 



45 



Template Gene 


1st PCR 


2nd PCR 


DNA Size 


HIV-1 9P120MN 


5166/5209 


5164/5208 


800 bp 


Ad4 fiber 


5467/5468 


5469/5470 


782 bp 


Ad5 fiber 


5625/5523 


5624/5522 


423 bp 


Ad7 fiber 


5505/5504 


5503/5502 


978 bp 



so HIV specific CTL activity was measured by determining lysis of syngenic target cells that were infected 
with vaccinia virus recombinants that express either the HIV-env gene products, the HIV-gag gene products, 
or the iac gene product (control for nonspecific cytotoxicity). 

Results 

55 

1st immunization with Ad5-recomblnants: 

Recombinant Ad5 virus was shed into fecal, pharyngeal, and/or nasal specimens for 0-7 days collected 
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from chimpanzees that were seronegative or weakly seropositive to Ad5. Only the Ad5 recombinant was de- 
tected in the strongly seropositive chimpanzee immunized with the mixture of three recombinants. Wild-type 
adenovirus was shed for 58 days in the control chimpanzee that was weatdy seropositive to Ad5. Significant 
anti-Ad5 responses were produced in most of the chimpanzees, with the strongest response produced in the 

5 control animal immunized with the wild-type Ad5. Three of the four chimpanzees (numbers 7, 9 and 11) im- 
munized with the single Ad5 recombinant produced weak anti-env antibody responses. Functional serum neu- 
tralizing anti-HlV antibodies were detected only in chimpanzee 5, which was originally seronegative to Ad5. 
Secretory antMgG antt-env antibodies were detected in vaginal, nasal, and saliva specimens collected from 
chimpanzee 11. Sporadic detection of env-specif ic CTL activity (specific lysis £10%) was observed In in vitro 

10 stimulated peripheral blood lymphocyte (PBL) populations obtained from chimpanzees 7. 8, 9, and 10 following 
the primary immunization with Ad5-env. Significant CTL responses were not observed in PBL obtained from 
chimpanzee 11. 

2nd Immunization with Ad7-recombinants. 

Recombinant Ad7 viruses were shed into fecal, pharyngeal, and/or nasal specimens for 7-1 0 days In the 
three chimpanzees (numbers 8, 9, and 11) that were immunized with the Ad7-env alone and for 7 days in the 
chimpanzee (number 1 0) that was strongly seropositive to all 3 recombinant adenoviruses. Wild-type Ad 7 was 
shed for 14 days in the control chimpanzee (number 12). Significant anti-Ad7 responses were developed in 

20 all Ad7 immunized animals with the best response observed In the control chimpanzee immunized with wild- 
type virus. Significant antl-env responses were boosted in 2 (numbers 9 and 1 1 ) of the 3 chimpanzees boosted 
with Ad7-env alone, while insignificant changes were observed in the animal given the mixed adenovirus prep- 
aration. Importantly, the two chimpanzees both contained functional neutralizing antibodies to HIVmn. Chim- 
panzee 11 also had a very low cross-negative neutralizing antibody response directed at HIVW Nasal and 

25 saliva specimens collected from this chimpanzee also became positive for anti-env IgG antibodies. Vaginal 
anti-env IgG antibody responses were also boosted in chimpanzee 11. Still, anti-env antibody responses were 
not observed in any of the secretory fluids collected from the other chimpanzees. Again, only sporadic detec- 
tion of env-specif ic CTL responses were detected in in Wfro stimulated PBL populations prepared from chim- 
panzees 6, 9, and 10. As before, significant CTL responses were not observed in PBL populations obtained 

30 from chimpanzee 11. 

3rd Immunization with Ad4-env recombinants. 

Recombinant Ad4-env was shed in stools for up to 3 days in the single animal (number 11) that was Im- 
35 munized with the Ad4-env alone. Ad4-env shedding was not detected In the strongly anti-Ad seropositive chim- 
panzee (number 10) after either immunization with the mixed Ad-env preparation. Wild-type Ad4 was shed for 
7 days in chimpanzee 12. Both chimpanzees 11 and 12 made excellent antkAd4 antibody responses. The sec- 
ond booster Immunization In chimpanzee 11 resulted with a significant boost in the anti-env antibody respons- 
es, including anti-HIVMN neutralizing antibody response. Nasal, vaginal, and saliva anti-env IgG antibody re- 
*o sponses were boosted in samples collected from chimpanzee 11. Despite the generation of an excellent hu- 
moral anti-env Immune response In chimpanzee 11 , significant CTL responses were not observed. 

1st Subunit boost 

45 The heterologous gp1 20 S F2 subunit antigen preparation was administered to chimpanzee 7, 26 weeks after 
the primary Ad5-env Immunization. The subunit immunization was very successful in boosting the anti-env 
antibody response. A high titered neutralizing antl-HIV MN response (>400)was observed along with a lower anti- 
Hl Vsfz response (1 00). The subu nit administration also elicited strong anti-env IgG antibody responses in nasal 
and vaginal secretions, as well as weaker anti-env responses in rectal secretions. One (chimpanzee 9) of the 

so two animals given the (Ad5-env)/(Ad7-env) combination also showed excellent anti-env booster antibody re- 
sponses following subunit administration. This animal had similar anti-HI V MN and a nti-HI Vsn neutralizing titers 
as seen in chimpanzee 1. Weak antl-env IgG responses were observed In nasal, rectal, saliva, and vaginal 
secretions collected from this animal. The other chimpanzee (numbers) had a much weaker, but still significant 
anti-env response induced following subunit administration, but this response did not include functional neu- 

55 tracing antibodies to HIV. Nor were anti-env antibodies detected In any of the secretions collected from this 
chimpanzee. Chimpanzee 11 which received the (Ad5-env)/(Ad7-env)/(Ad4-env) combination also showed an 
excellent antl-env antibody booster response. This Included a very high neutralization titer (>1400) to HIVmn 
and high (>4O0) titers to HIVsra- Excellent anti-env IgG antibody responses were observed in vaginal, nasal, 
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and saliva specimens. A weak antl-env response was observed in pharyngeal secretions. The subunit did not 
have a significant effect on the antl-env antibody response (serum or secretory) of chimpanzee 10 (the strongly 
anti-Ad seropositive animal). Sporadic anti-env CTLactivity was detected in in vitro stimulated PBL populations 
collected only from chimpanzees 7 and 8 following subunit administration. Similar analysis of in vitro stimulated 
lymph node cells (obtained from a lymph node biopsy located in close proximity to the subunit inoculation site) 
revealed that cells obtained only from chimpanzee 8 (basically a non-humoral res ponder) contained significant 
CTL activity directed at both env 8F2 and env^. 

2nd Subunit boost 

Only chimpanzee 7 received a second subunit Immunization. This second immunization resulted with a 
significant boost in the anti-env antibody response, including high tltered antl-HlV MN (>200) and low (<100) 
antMHIVsF2 neutralizing antibody responses. Excellent anti-env IgG responses were observed in vaginal, nas- 
al, and rectal specimens. Sporadic anti-HIV CTL activity was also seen in PBL populations. 

HjVsfa Challenge of Immunized and Control Chimpanzees. 

A cell-free HIV^ challenge was administered intravenously to five of the six chimpanzees (7, 8, 9, 11 , 
12). The challenge stock dilution of 1/40 was shown to productively infect control chimpanzees within 3 to 4 
weeks. The chimpanzees were monitored for signs of HIV Infection for a period of 10 weeks. HIV could be co- 
cultured from PBLs obtained from control chimpanzee 12 collected at 4 and 6 weeks post-challenge. Anti-gag 
antibody responses were readily measurable (another indication of HIV infection since the recombinant vac- 
cines tacked gag determinants) In serum samples collected at 6 f 8, and 10 weeks post-challenge. All other 
chimpanzees were protected from the HIV challenge at 10 weeks. 

These results demonstrate that the intranasal administration of the Ad-env recombinants (particularly Ad- 
7-env MN , AdS-envwN, Ao^-env^ or a combination thereof) elicited the production of neutralizing antibodies 
against HIV-1, Neutralizing antibodies were produced following the first administration of the Ad-env recom- 
binants, and the titer was increased through the use of one or more booster Intranasal immunizations with the 
Ad-env recombinants. Antibody response to both the MN and SF2 strains of HIV was further boosted through 
the administration of one or more inoculations with an env (gp120) subunit antigen preparation (particularly 
gp^Osra). Most Importantly, protection against HiV-1 infection was demonstrated following the administration 
of the Ad-env / subunit booster treatment regimen. 



Claims 

1 . Use of the live recombinant adenoviruses in which the virion structural protein is unchanged from that In 
the native adenovirus from which the recombinant adenovirus is produced, and which contain the env 
gene from the MN strain of human immunodeficiency virus type 1 to prepare a medicament for use in 
producing antibodies or cell mediated immunity to human immunodeficiency by virus type 1 in a warm 
blooded mammal by intranasal, intramuscular or subcutaneous administration of the said live recombinant 
adenovirus to the said warm blooded mammal. 

2. Use according to claim 1 wherein the live recombinant adenovirus is selected from one or more of the 
group of consisting of adenovirus type 4, adenovirus type 5, and adenovirus type 7, wherein a gene in 
the early region 3 has been deleted in the adenovirus. 

3. Use according to claim 2 wherein the recombinant adenovirus Is selected from one or more of the group 
consisting of Ad7-tplenv MN -tplHrev, Ao^-tplenVfcw-tplHrev, and AdS-tplenvMN-tplHrev. 

4. Use according to claim 3, wherein the treatment further comprises administering one or more than one 
human immunodeficiency type 1 subunit protein. 

5. Use according to claim 4, wherein the subunit protein is env or gag. 

6. Use according to claim 5, wherein the human immunodeficiency type 1 subunit protein is administered 
subsequent to administration of the live recombinant adenovirus. 

7. Use according to claim 6, wherein the env subunit protein is gp120MN or gp120 sra . 
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8. Use of live recombant adenovirus selected from the group consisting of Ad7-tplenv MN -tplHrev, Ad4- 
tpienv MN -tp!Hrev, and AdS-tplenvMn-tplHrev, or a combination thereof to prepare a medicament for pro- 
ducing antibodies or cell mediated immunity to human immunodeficiency virus type 1 in a warm blooded 
mammal, by administering to said warm blooded mammal intranasally one or more doses of the said live 
recombinant adenovirus and subsequently administering to said mammal one or more doses of a human 
immunodeficiency type 1 subunit protein. 

9. Use according to dalm 8, wherein the human immunodeficiency type 1 subunit protein is env. 

10. Use according to claim 9, wherein the env subunit protein is gp120uH or gp120sra. 

11. Use of live recombinant adenovirus, in which the virion structural protein is unchanged from that in the 
native adenovirus from which the recombinant adenovirus is produced, and which contains a gene coding 
human Immunodeficiency virus type 1, to prepare a medicament for protecting against human immuno- 
deficiency virus type 1 infection in a warm blooded mammal, by administering to said warm blooded mam- 
mal intranasally one or more doses of the live recombinant adenovirus and subsequently administering 
to said mammal one or more doses of a human immunodeficiency type 1 subunit protein. 



12. Use according to claim 11, wherein the live recombinant adenovirus is Ad7-tpienv-tplHrev, Ad7-tptgag- 
tplHrev, Ad7-rev-gag, Ad4-tplenv-tplHrev, Ad4-tplgag-tplHrev, Ad4-rev-gag, AdS-tplenv-tplHrev, Ad5- 

20 tplgag-tplHrev, Ad7-tplenv MN -tplHrev, Ad4-tplenv MN -tplHrev l or AdMplenvMN-tplHrev, or a combination 

thereof. 

13. Use according to claim 12, wherein the live recombinant adenovirus is Ad7-tplenv MN -tplHrev, Ad4- 
tplenviwrtplHrev, or AdS-tplenvMN-tpIHrev, or a combination thereof. 

25 

14* Use according to claim 13, wherein the human immunodeficiency type 1 subunit protein is env. 
15. Use according to claim 14, wherein the env subunit protein is gp1 20m N or gp120sp2. 

30 16. A vaccine for producing antibodies or cell mediated Immunity to human immunodeficiency virus type 1 
in a warm blooded mammal, comprising live recombinant adenoviruses in which the virion structural pro- 
tein is unchanged from that In the native adenovirus from which the recombinant adenovirus is produced, 
and which contain the env gene from the MN strain of human immunodeficiency virus type Icoding for 
the antigen corresponding to said antibodies or inducing said cell mediated immunity, said vaccine being 

u formulated in an intranasal, Intramuscular, or subcutaneous dosage form. 

17. The vaccine according to claim 1 6 wherein the live recombinant adenovirus is selected from one or more 
of the group of consisting of adenovirus type 4, adenovirus type 5, and adenovirus type 7, wherein a gene 
in the early region 3 has been deleted in the adenovirus. 

40 18. The vaccine according to claim 1 7, wherein the recombinant adenovirus is selected from one or more of 
the group consisting of Ad7-tp!env MN -tplHrev, Ad4-tplenv Mhr tplHrev, and AdS-tpJenvwrtplHrev. 

19. The vaccine according to claim 18 which further comprises administering one or more than one human 
immunodeficiency type 1 subunit protein. 

45 

20. The vaccine according to claim 19, wherein the subunit protein Is administered subsequent to the live re- 
combinant adenovirus. 

21. The vaccine according to claim 20, wherein the subunit protein is env or gag. 

so 

22. The vaccine according to claim 21 , wherein the env subunit protein is gp1 20^, or gp120 S F2. 

23. A two stage vaccine for protection against human immunodeficiency type 1 infection in a warm blooded 
mammal, having a first stage comprising live recombinant adenovirus in which the virion structural protein 
is unchanged from that in the native adenovirus from which the recombinant adenovirus is produced, and 

65 which contain the gene coding for the antigen corresponding to said antibodies or inducing said cell medi- 

ated immunity, said first stage being formulated in an intranasal dosage form; and a second stage com- 
prising a human Immunodeficiency type 1 subunit protein, said second stage being formulated In an In- 
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tramuscuiar dosage form; said first stage being administered prior to the administration of said second 
stage. 

24. The vaccine of claim 23, wherein the live recombinant adenovirus is Ad7-tplenv MN -tplHrev, Ad4~tplenv MN - 
tplHrev, or AdS-tplenvMN-tplHrev, or a combination thereof. 

25. The vaccine of claim 24, wherein the human immunodeficiency type 1 subunit protein is env. 

26. The vaccine of claim 25, wherein the env subunit protein is gp^O^ or gp120 8F2 . 

27. A recombinant adenovirus which is X-tplY-tpIHrev; wherein X is Ad4, Ad5, or Ad7; Y is env; and the env 
is from the MN strain of HIV-1 . 

28. The recombinant adenovirus according to claim 27 which is Ad7-tpienv M N-tplHrev. 
2d. The recombinant adenovirus according to claim 27 which is Ad4-tplenv M M-tplHrev. 
30. The recombinant adenovirus according to claim 27 which is Ad5-tplerTv MN -tplHrev. 
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